Abstract-Diastereoselective introduction of nucleophiles into L-proline derivatives at the 5-position was achieved with suitable selection of N-protecting group.
First, we investigated introduction of trimethylbenzene and triethylbenzene into 5-methoxylated L-proline derivatives 2a-d 7 protected with various N-acyl groups in the presence of Lewis acids (Eq. 3). The results are shown in Table 1 . N-Formylated proline 2a gave the corresponding arylated product 3a as a diastereomer mixture (cis/trans = 43/57, entry 1), 4 while N-methoxycarbonylated 2b and N-benzyloxycarbonylated 2c
gave compounds 3b and 3c as a single isomer (cis/trans = 100/0, entries 2 and 3). In the case of N-benzoylated 2d, trans-3d 8 was mainly obtained along with small amount of cis-3d (cis/trans = 11/89, entry 4). Using SnCl 4 instead of TiCl 4 did not affect the diastereoselectivity though the former had relatively poor yield (entry 5).
Triethylbenzene as a nucleophile gave similar results to that of trimethylbenzene (entries 6-9), but in the case of N-benzoylated proline 2d did not afford 5-arylated product 6d (entry 10). Allylation of 5-methoxylated L-proline derivatives 2b and 2d showed similar tendency to their arylation (Eq. 4). That is, N-methoxycarbonylated 2b mainly gave cis-allylated proline 7b (cis/trans = 73/27), 7c while N-benzoylated proline 2d preferentially changed into trans-allylated proline 7d (cis/trans = 13/87). 
Conclusion
We have accomplished diastereoselective introduction of nucleophiles into L-proline derivatives at the 5-position. N-Methoxycarbonylated or N-benzyloxycarbonylated L-proline 2b or 2c were exclusively transformed into cis-arylated products 3b,c or 6b,c, while N-benzoylated L-proline derivative 2d mainly gave trans-arylated product 3d.
C 2 -Symmetrical pyrrolidine derivative 5 derived from 3d worked well as an organic activator in the reduction of aromatic imines to the corresponding optically active amines with high enantioselectivity by Cl 3 SiH.
Experimental Section

General
Electrochemical reactions were carried out using DC Power Supply (GP 050-2) of Takasago Seisakusho, Inc.
1 H NMR spectra were measured on a Varian Gemini 300 and 400 spectrometer with TMS as an internal standard. 13 C NMR spectra were measured on a Varian Gemini 400 spectrometer with TMS as an internal standard. IR spectra were obtained on a Shimadzu FTIR-8100A. Mass spectra were obtained on a JEOL JMS-DX 303 instrument. Elemental analyses were performed on Perkin Elmer 2400II.
All reagents and solvents were used as supplied without further purification. were carried out according to this same procedure. 4, 5, 156.4, 135.8, 135.7, 133.2, 131.3, 130.1, 129.3, 128.2, 127.9, 127.8, 127.4, 127.2, 67.0, 60.4, 52.0, 30.4, 27.8, 20.6, 20.5; HR-EI(+) m/z calcd for C 23 H 27 NO 4 [M] + 381.1940 381. , found 381.1938 8, 169.5, 134.3, 133.3, 132.1, 129.6, 127.2, 127.0, 125.4, 123.5, 59.3, 58.0, 50.3, 30.4, 26.8, 18.4, 18. 4, 
Methyl N-protected 5-methoxy-L-prolinate 2a-d
N-Protected 5-methoxy-L-prolinates 2a, 7c 2b,
Methyl cis-N-formyl-5-(2,4,6-trimethylphenyl)-L-prolinate (cis-3a)
Methyl trans-N-formyl-5-(2,4,6-trimethylphenyl)-L-prolinate (trans-3a)
Methyl N-methoxycarbonyl-5-(2,4,6-trimethylphenyl)-L-prolinate (3b)
Methyl trans-N-formyl-5-(2,4,6-triethylphenyl)-L-prolinate (trans-6a)
Methyl trans-N-benzyloxycarbonyl-5-(2,4,6-triethylphenyl)-L-prolinate (6c)
Methyl N-methoxycarbonyl-5-allyl-L-prolinate (7b)
Methyl N-benzoyl-5-allyl-L-prolinate (7d)
Synthesis of cis-N-formyl-5-(2,4,6-triethylphenyl)-L-proline (4)
5% Pd-C (30 mg) was added to the solution of 6c (2.0 mmol, 847 mg) and triethylamine (279 μL, 2.0 mmol) in MeOH (5.0 mL). The mixture was then stirred under 1 atm of H 2 for 12 h. Upon completion of reaction the mixture was then filtered through celite and solvent removed in vacuo to obtain methyl cis -5-(2,4,6-triethylphenyl Under an argon atmosphere, acetic anhydride (2.0 mL) was added dropwise to a solution of methyl cis -5-(2,4,6-triethylphenyl) -L-prolinate in formic acid (6.0 mL) and stirred at room temperature for 9 h. Upon completion of reaction the solvent was removed under reduced pressure, then the residue was purified by silica gel column chromatography (n-hexane : AcOEt = 3 : 1) to afford methyl 4 as a colorless crystal (372 mg, 58 % for 2 steps). Then, aqueous 1M NaOH (2.0 mL) was added to the stirred solution of methyl cis-N-formyl -5-(2,4,6-triethylphenyl (5) 4.
cis-N-formyl-5-(2,4,6-triethylphenyl)-L-prolinate
Synthesis of N-picolinoyl (2S,5S)-[2,5-bis-(2,4,6-trimethylphenyl)]pyrrolidine
trans-N-Benzoyl-5-(2,4,6-trimethylphenyl)-L-proline (8)
NaOH (12.9 mmol, 516 mg) was added to the stirred solution of 3d (6.5 mmol, 2.27 g) in THF/H 2 O = 1 : 1 (60 mL), and the solution was stirred at room temperature for 4 h.
The solution was then neutralized with 10% aqueous HCl, and extracted with AcOEt 1, 171.4, 136.2, 136.0, 135.7, 135.1, 134.5, 134.1, 134.0, 131.2, 130.2, 129.2, 128.9, 128.1, 127.6, 127.4, 125.6, 63.1, 61.4, 60.3, 59.4, 32.3, 31.0, 29.9, 28.6, 20.6, 20.4, 20.3 
N-Benzoyl-2-methoxy-(5S)-(2,4,6-trimethylphenyl)pyrrolidine (9)
Anodic oxidation of 8 was carried out using graphite cathode (10 cm x 5 cm) and platinum anode (12 cm x 5 cm) in an undivided beaker-type cell. 8 (29.4 mmol, 9.9 g), and 2,6-lutidine (38.2 mmol, 4.5 mL) were added into MeOH (200 mL). After passing through 2.0 F/mol of electricity at constant voltage (18 V) at 0°C, MeOH was evaporated, then the residue was poured in water and extracted with AcOEt (200 mL x 3). The combined organic layer was dried over MgSO 4 and solvent removed under reduced pressure. The residue was purified by silica gel column chromatography (n-hexane : AcOEt = 3 : 1) to afford 9 (6.9 g, 73% yield) as colorless oil. 3, 169.2, 135.8, 133.8, 133.4, 132.6, 132.0, 130.7, 129.7, 129.5, 127.8, 126.5, 125.9, 125.6, 125.2, 123.2, 92.7, 90.0, 60.2, 58.1, 54.5, 31.5, 31.1, 30.6, 28.6, 20.6, 20.5; 4, ]pyrrolidine (10) Under an argon atmosphere, TiCl 4 (140 μL, 1.0 mmol) was added dropwise to the solution of 9 (313 mg, 0.97 mmol) and 1,3,5-trimethylbenzene (400 μL, 2.9 mmol) in 2963, 1738, 1632, 1580, 1483, 1408, 1348, 1240, 1102, 849, 795 7, 137.3, 136.8, 136.0, 135.8, 134.9, 134.6, 134.5, 133.6, 131.2, 131.0, 129.3, 129.2, 128.8, 127.1, 126.2, 60.3, 60.0, 32.4, 30.2, 21.2, 20.7, 20.6, 20.4, 20.1; EA calcd for C 29 H 33 NO: C 84.63, H 8.08, N 3.40: found C 84.43, H 8.15 [2,5-bis-(2,4,6-trimethylphenyl) ]pyrrolidine (11)
N-Benzyl-(2S,5S)-
1.03 M BH 3 -THF (17.4 mL, 18.0 mmol) was added to the solution of 10 (3.6 g, 8.7 mmol) in THF (70 mL), and refluxed at 80°C for 17 h. The solution was poured in water (100 mL) and extracted with AcOEt (100 mL x 3). The combined organic layer was dried over MgSO 4 and solvent removed in vacuo to obtain 11 (3.45 g, quant.), which was used for next reaction without further purification. 4.5.5. (2S, 4, 4, ]pyrrolidine (5) A solution of picolinic acid (68.9 mg, 0.55 mmol) and CDI (122 mg, 0.75 mmol) in CH 2 Cl 2 (2.5 mL) was stirred at 0°C for 30 min. Then, a solution of 12 (153 mg, 0.50 mmol) in CH 2 Cl 2 (2.5 mL) was added at 0°C, and the mixture was stirred at room temperature for 24 h. The solution was poured into saturated aqueous NaHCO 3 (10 mL) and extracted with AcOEt (20 mL x 3). The combined organic layer was dried over 154.4, 146.7, 136.1, 135.9, 135.7, 135.5, 135.4, 134.6, 134.5, 133.9, 131.1, 130.7, 129.0, 128.6, 123.7, 122.5, 60.0, 59.8, 32.2, 29.9, 21.0, 20.6, 20.5, 20.3, 19.9 
General procedure for asymmetric reduction of imines 13a-f
Cl 3 SiH (0.45 mmol) was added into a solution of imines 13a (0.3 mmol) and compound 5 (0.03 mmol) in CH 2 Cl 2 (1.5 mL), and the mixture was stirred at room temperature for 4 h. The mixture was then poured into saturated aqueous NaHCO 3 (10 mL) and extracted with CHCl 3 (10 mL x 3). The combined organic layer was dried over MgSO 4 and solvent removed under reduced pressure. The residue was purified by silica gel column chromatography to afford amine 14a (159 mg, 77% yield).
(S)-N-Phenyl-N-(1-phenylethyl)amine (14a)
6b HPLC: Daicel Chiralcel OD-H column, n-hexane : isopropanol : diethylamine = 10 :
1 : 0.01, wavelength: 254 nm, flow rate: 1.0 mL/min, retention time: 7.2 min for (S)-14a, 8.6 min for (R)-14a. 6b
(S)-N-
